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(54) Method for the purification of 
air or gas streams by a multi-path 
absorption principle and moving- 
bed filtering apparatus for 
performing the method 

(57) For the purification of air or gas 
streams the air or gas is conducted 
across a multi-zone absorption 
apparatus through which a particulate 
absorption material 2 is moved 
downwardly by gravity. The gas 
stream is first admitted to the 
absorption apparatus adjacent the 
downstream end to a first stage 
having an upstream and a 
downstream zone (C, D respectively) 
and, upon leaving the first stage, is 
divided into partial streams 5.1, 5.2 
which are conducted back through an 
upstream absorption material stage 
such that the gas from the most 
downstream filter material zone D of 
the first stage which still has the 
highest contaminant content is 
admitted to and passed through the 
most upstream filter material zone A 
of an upstream second stage of the 
apparatus and the upstream zone C 
gas or air from the first stage is 
admitted to the downstream zone B 
of the second stage in order to 
provide for high decontamination 
efficiency and for similar end 

Continued overleaf . . . 

The drawfng(s) originally filed was/were Informal and the 
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rim here reproduced is taken from a later fled formal copy. 



decontamination of all the gas or air 
passed through the apparatus. 

Figs. 3-5 (not shown) depict a 
second embodiment of the apparatus 
in which two vertically arranged 
absorption chambers are arranged 
parallel to each other, the gas 
streams being divided in a manner 
similar to that above. 
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SPECIFICATION 

Method for the purification of air or gas streams by a multi-path absorption principle and 
moving-bed filtering apparatus for performing the method 
5 5 
BACKGROUND OF THE INVENTION 

The present invention relates to a method for the purification of air or gas streams by a multi- 
path absorption principle in connection with a moving-bed filtering apparatus in which the gas 
streams are conducted through at least two multi-zone shifting bed absorption stages arranged 
10 in series with one another. 10 
In each of the fitters the particle content of the gas stream is reduced to a degree which 
depends on the absorption or filter bed material, the hydrostatic pressure differential which 
depends on the height of the filter bed and the filter bed density, the flow velocity and the filter 
apparatus charge which is dependent on the flow velocity and, with a continuously moving bed, 
15 the charge of the filter bed which increases in the direction of movement of the filter bed. 15 
It has been tried to improve the filtering or absorption process in single bed cross-flow filters 
to some degree by changing the bed height and in multiple bed filters by a partial subsequent 
filtering step. However the utilization of the filtering and absorption materials remains unsatisfac- 
tory, ft can be improved to some degree only in filter apparatus with no-continuously moving 
20 filter beds. 20 
Baffles have been provided in elbows of ducts in order to reduce the flow resistance but such, 
measures have failed to appreciably improve the overall filter efficiency of the filter material in a 
multiple path absorption filter apparatus. 
It is an object of the present invention to provide a method of purifying air of gas streams and 
25 to provide a suitable moving-bed filter apparatus with which the effectiveness of the filter or the 25 
absorption material in the filter beds is close to the theoretical design values of the filters and 
this object should be achievable with continuous as well as discontinuous operation of the 
moving filter beds. 

It is further an object of the present invention to facilitate performing of the purification 

30 method also with a moving filter apparatus including two serially arranged and vertically disposed 30 
filter chambers or stages In which the filter material of the secondary chamber or stage may be 
switched over to the first chamber or stage. 

The present invention is applicable in connection with filtering as well as absorption processes 
and apparatus and the two terms are therefore used interchangeably in the present specification. 

35 35 
SUMMARY OF THE INVENTION 

For effective ^nd efficient decontamination of air and gas streams, an air or gas stream is 
conducted across a multi-zone absorption apparatus having a housing through which particulate 
absorption material is moved downwardly by gravity. The housing has a first downstream 

40 absorption stage and a second upstream absorption stage through which the gas or air is 40 
sequentially conducted. Upon passing through the downstream and upstream zones of the first 
stage the stream is divided into partial streams which are separately admitted to the upstream 
absorption stage such that the gas or air from the downstream zone of the first absorption 
stage which has still a relatively high contaminant content is admitted to the upstream zone of 

45 the second absorption stage which contains absorption material of little or no charge and the 45 
gas or air from the upstream or first zone of the first absorption stage which has a relatively 
lower contaminant content is admitted to the downstream zone of the second absorption stage 
which receives the absorption material from the first zone of the second absorption stage. 
In this manner the air or gas leaving the apparatus has a balanced relatively high degree of 

50 purity. 50 
The principaf advantage of the present invention resides in the fact that with the multi-stage or 
multi-passage absorption filters with moving filter beds the flow of the gas to be filtered after 
having passed through the first filter stage is so controlled that the streams leaving the first 
stage with still relatively high content of impurities are directed to a filter section of the 

55 subsequent filter stage which section is subjected to a lower load than the other subsequent 55 
stage filter sections. In order to optimize operation the filter beds may have sections of different 
sizes or of different filter thickness. With such relatively simple gas or air conducting procedures 
the filtering or absorption efficiency, that is, the filter or absorption material utilization, is greatly 
improved. With equal filter material utilization — as compared to prior art arrangements — im- 

60 proved total depositing rates can be achieved or, for equal depositing rates, a reduction of filter 60 
material requirements and a reduction in pressure losses in the filtering apparatus can be 
achieved so that the expenses for regeneration of the gas and removal of impurities therefrom is 
achieved. K is noted that the invention may be utilized for the removal from gas or air streams 
of all kinds of impurities or noxious materials. The separation of the gas flow into various 

65 streams also facilitates any possible admixing of additives in the various filtering or absorption 65 
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stages of a plant, for example, the addition of ammonia in the conversion of N0 X may be 
adjusted exactly in accordance with the amount of noxious materials remaining in the stream so 
that excessive admixing of additives may be easily avoided. 

If the housing arrangement of the moving fitter bed apparatus is in accordance with the 
5 second embodiment, the filtering or absorption efficiency of the apparatus or the utilization of 5 
the filter or absorption material is further impoved so that with a given amount of fitter material 
improved deposition rates or a given deposition rate, a reduction in fitter material requirements, a 
reduction in pressure losses for the gases passing through the filter and a reduction in costs for 
the regeneration of the depleted filter or absorption materials can be achieved. 
10 10 
SHORT DESCRIPTION OF THE DRAWINGS 

Details of the method and the respective switchable moving fitter bed apparatus will become 
more readily apparent from the following description thereof on the basis of the enclosed Figures 
wherein: 

15 Figure 1 shows the housing arrangement of a moving fitter bed apparatus of the multiple path 15 
absorption type by means of which the method according to the invention is performed; 

Figure 2 shows a housing for three or more fitter beds arranged in parallel, with baffles shown 
to be arranged differently at the left and right-hand sides; 
Figure 3 is a side sectional view of a housing arrangement for the moving-bed filter apparatus 
20 in accordance with a second embodiment with two serially arranged filtering stages for the 20 
performance of the method according to the invention; 
Figure 4 is a top vie of the apparatus of Fig. 3; and 
Figure 5 is a perspective side view of the apparatus of Fig. 3. 

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS 25 
Fig. 1 shows schematically a filter housing consisting essentially of a fitter chamber 1.1 for the 
reception of fluid particulate fitter or absorption material which serves as a moving bed for the 
muttiple-path filter or absorption method, the connecting manifolds 3 and 4 mounted on the 
chamber 1.1 for the admission of the gas stream 5 to be purified and the removal of the 

30 purified gas stream and a guide duct 6 for containing the gas streams 5.1, 5.2. This arrange- 30 
ment provides for two cleaning stages, the first, lower stage comprising filter bed zones D and 
,C and a second, upper stage comprising filter bed zones B and A. The zone limits are indicated 
in all Figures by dash-dotted lines 15. The raw gas stream 5 is admitted to the lower stage by 
way of manifold 3. After passing through the zones D and C representing the first filter or 

35 absorption stage, the gas stream is conducted through the guide duct 6 back to the moving 35 
fitter bed and through the zones A and B to the upper manifold 4 through which the gas stream 
is discharged in a clean state. Supply of filter material such as fresh activated charcoal to the 
chamber is by way of an upper fill opening 7 whereas removal of charcoal from the chamber 
1 . 1 occurs by way of a lower discharge opening 8. As a result the filter bed flows downwardly 

40 from the top sequentially through the zones A, B, C and D delineated by dash-dotted lines 15. 40 
The fitter housing 1 consists of a vertical sheet metal housing having walls with air passages 
formed therein, for example, walls of screens 9, 10 and 11 with shielded openings 12, 13 and 
14 wherein the openings of the screens 9, 10, 11 are smaller in diameter than the grains of the 
particulate filter materials. The manifolds 3 and 4 are sealingly mounted on the housing 1 so as 

45 to cover the supply and discharge openings 12 and 13 and the guide duct 6 is sealingly 45 
mounted on the housing 1 so as to cover the intermediate opening 14. The space between the 
upper edge of opening 12 and the lower edge of opening 13 is large enough that the partial gas 
stream, which may move directly through the filter material and not through the guide duct 6, 
has the same residence time in the filter bed as the main gas stream such that this space is 

50 normally twice the filter bed thickness. There is provided within the guide duct 6 a divider baffle 50 
16 which divides the guide duct interior into two separate channels 17 and 18. Each of the 
separate channels 17 and 18 is associated with one of the zones D or C of the first stage and 
arranged opposite the supply opening 12 such that the gases leaving the zones D and C are 
conducted to the second stage in separate channels. The arrangement is such that channel 17, 

55 which is in communication with the lower zone D, guides the partial gas stream 5. 1 to the 55 
uppermost zone A and channel 18 guides the partial gas stream 5.2 from the zone C to the 
zone B. After passage through zones A and B the clean gas is conducted away through the 
discharge manifold 4. The position of the divider baffle 1 6 is variable such that the zones D and 
C or A and B may be made equal in size (see filter chambers 1 .2 and 1 .3 in Fig. 2) or that the 

60 one zone is, for example, twice the size of the other (see Fig. 1 or arrangement 1.4 of Fig. 2). 60 
The divider baffle 16 may be firmly mounted in place or it may be movable. Also there may be 
provided more than one such divider baffle 16 so that more than two channels are formed and 
correspondingly more separate fitter zones are formed. 
The principle of operation of the air or gas purification in the housing 1 is as follows: For 

65 passage through the first filter stage the gas stream 5 is divided into partial streams 5.1 and 65 
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5.2 depending on the degree of impurity content which partial streams are supplied to certain 
areas of the second filter stage depending on the degree of charge of the filter material therein. 
The partial stream 5.1 from the lowermost zone D, that is, the partial stream with the lowest 
degree of purification — since the zone D has the largest charge of impurities — is supplied to the 
5 uppermost zone A of the second stage which zone A contains fresh filter material with the 5 
lowest charge of impurities. The partial stream 5.2 from the zone C which with a greater degree* 
of purification is conducted to the zone B wherein the filter material has already a greater charge 
of impurities than the material in the zone A. Altogether the filter material 2 can be fully charged 
in this manner before it leaves the housing 1.1. 

10 In Fig. 2, features which are equivalent to those in Fig. 1 are indicated by the same reference - 10 
numerals used in Fig. 1, There is shown a number of parallel filter chambers of which two 
chambers 1.2 and 1.3 shown at left and center have a common chamber 19. The chamber 19 
contains two divider baffles 20 and 21 which are maintained in spaced relationship by struts 22 
and mounted on the walls of chamber 19. A common partial stream channel 23 for the partial 

15 gas streams 5.1 from the zones D to zones A of the two filter chambers 1.2 and 1.3 and the 
partial stream channels 24 and 25 for the partial gas streams 5.2 from zones D to zones B are 
formed by the two divider baffles 20 and 21. In this arrangement the dividing line 15 between 
the zones is so positioned that the zones C and D and the zones A and B have the same 
height. In principle however the arrangement is the same as the one shown in Fig. 1 with regard 

20 to chamber 1.1. 

Both filter chambers 1.3 and 1.4 in the center and right-hand part of Fig. 2 have common gas 
supply and discharge manifolds 26 and 27 for the admission and discharge of the gas stream or 
streams 5. In filter chamber 1.4 the zones C and B are shown to have twice the height of zones 
D and A. The separation principle for dividing the gas stream 5 into partial streams which are 
25 conducted to zones of different state of charge of the following filtering stages depending on 25 
the degree of charge of the streams however is the same as that described with regard to the 
arrangment of Fig. 1. Both filter housings which are arranged in parallel have the same zone 
arrangement. 

Assuming a housing arrangement like that shown in Fig. 1 without separation of the air stream 
30 5 into partial streams 5.1 and 5.2 and defining the same zones A, B, C and D from top to 
bottom wherein in zones of equal height or filter material thickness during continuous operation, 
decontamination factors DF of 



45 



100 

>p=100 : [%] 

DFtot^ 



60 



15 



20 



30 



DF A =100 DFb-10 
35 DF C «3 and DF D =1.5 35 

are obtained for the various zones and the decontamination factor DF represents the ratio of 
the contaminant concentration of the air before entering the filter housing over the concentration 
after passage through the filter housing, a total decontamination factor of a prior art filtering 
40 plant without stream separation, that is, with mixing of the gas, is obtained which is: 40 



45 



4 x DF A x DF B x DF C x DF 0 

DF T0TAL = s " =36.5 

(DF A +DFJx(DF c +DFo) 

For the method performed in the moving filter bed arrangement in accordance with the 
invention, that is, with partial stream separation and conduction of the partial streams through 
different filter zones in the separate stages, the total decontamination factor, is: 

50 2 X DF A x DF B x DF C x DF D 50 

DFw= 500 

{DF a xDFb)+(DF b xDFc> 

that is, an improvement of about 37% is achieved. The filtering efficiency of a filtering plant is 
55 determined by: 55 



60 



The method described is based on the recognition that the air or gas stream leaving the first 
stage is of different purity depending on the level of the filter bed from which it emerges since 
the degree of loading of the filter bed increases with the travel direction of the filter bed which 
moves downwardly with gravity. The degree of decontamination of a filter stage may be 
65 expressed — as previously mentioned — by way of the decontamination factor DF which repre- 65 
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sents the ratio of contaminant concentration at the filter entrance to contaminant concentration 
at the filter outlet. 

The arrangement of Figs. 3 to 5 in principle is the same as that of Fig. 1 with the exception 
that the zones A, B and C, D are disposed in separate housings. 
5 Fig. 5 is an elevational view which shows the filter housing of the Multiple-Way Sorption 5 
method (MWS) consisting essentially of the filter chambers 101 and 102 for the reception of 
the flowable particulate filtering or absorbing material 103 which represents the moving bed. The 
chambers 101 and 102 have upper inlet openings 118 and lower discharge openings 119 and 
sealingly connected thereto air or gas inlet and outlet chambers 104 and 106 for the introduc- 

10 tion and the removal of the air or gas stream 105 and further intermediate ducts 107 and 108 10 
providing for communication from zone D to zone A and from zone C to zone B. 

The two filter chambers 101 and 102 arranged in sequence, one after the other, provide for 
the two serially disposed filtering stages, the first comprising the filter bed zones D and C and 
the second comprising the filter bed zones D and C and the second comprising the filter bed 

15 zones B and A wherein D and B form the lower and C and A form the upper parts of the 15 
stages. The boundaries of the zones are indicated in Fig. 3 by dash-dotted dividing lines 115. 

As indicated in Figs. 3 to 5 the raw air or gas stream 105 is admitted by way of the inlet 
chamber 104 and passes through the opening 109 provided with a screen 110 into the first 
filter stage of the filter chamber 101. The cleaned gas or air is discharged from the second filter 

20 stage through the opening 1 1 1 which is also provided with a screen 112 and into the outlet 20 
chamber 106. The intermediate ducts 107 and 108 which provide for communication between 
the zones C and B and the zones D and A of the first and second filtering stages, that is, of the 
filtering chambers 101 and 102, are connected to the wall areas of the openings 113 and 114 
which are also provided with screens 116 and 117. If sieves are used in place of the screens, 

25 the sieve openings need to be smaller than the size of the filter material particles 103 so as to 25 
retain the filter bed in the filter housings. 

The two intermediate ducts 107 and 108 which together provide for horizontal communication 
between the first filter stage, that is, the zones C and D, and the second filter stage, that is, 
zones A and B, are in a particular manner so arranged that the lower zone D of the first stage is 

30 in communication with the upper zone A of the second stage and the upper zone C of the first 30 
stage is in communication with the lower zone B of the second stage. With the given arrange- 
ment the air or gas stream 105 is divided into two partial streams 105.1 and 105.2 of which 
the originally upper partial stream 105.2 after passage of the zone C is conducted through the 
lower zone B of the second stage and the originally lower partial stream 105.1 after passage of 

35 the zone D is conducted through the upper zone A of the second stage. The two streams 35 
105.1 and 105.2 and the respective ducts 107 and 108 are arranged to cross-over as it is 
shown in Rgs. 3 to 5. 

In this manner the partial stream 105.1 from the zone D of the first stage, which is purified to 
a lesser degree than the stream 105.2 from the zone C of the first stage, is conducted to the 

40 zone A of the second stage, which is charged to a lesser degree than zone B of the second 40 
stage, and vice versa, the relatively clean stream 105.2 from zone C of the first stage is 
conducted to the relatively charged zone B of the second stage. As a result the method as 
utilized with the apparatus of Fig. 1 is, in principle, also utilized with two filter housings 101 and 
102 arranged in parallel which, with respect to the air or gas stream, are arranged in series and 

45 whose filter bed material in zones A and B of the second stage, after initial charging therein, is 45 
transferred to the first stage for passage through the zones C and D therein. 

Assuming now, the use of a filter housing as shown in Fig. 5 but without separation of the 
gas stream 105 into partial streams 105.1 and 105.2 and without the given zone assignment 
and assuming further a liminar gas stream through the filter housings, that is, without gas 

50 mixing, and defining corresponding zones A, B, C and D which have the decontamination factors 50 
as previously indicated such that, like in the arrangement described in connection with Fig. 1, a 
single gas stream passes first through the zones C and D which are disposed on top of one 
another and then at the same rate, through the zones A and B which are also disposed on top 
of one another, the following decontamination factor is calculated: 

55 55 
2 x DF A x DF C x DF 0 x DF 8 

DF T0TAL = =28.5 

DF A x DF C + DF 0 x DF B 

60 For the present moving filter bed arrangement with gas stream separation and separate gas 60 
supply to the various zones of the different stages as shown in Figs. 3 to 5, the total 
decontamination factor is again: 
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2 X DF A x DF B x DF C x DF D 

DF™- =50.0 

DF A xDF d +DF D xDF B 

5 5 
that is, an improvement of 75% is achieved. The filtering efficiency of the filtering plant is 

determined by: 
100 

10 if-,100 [%] 10 

OF™* 
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LISTING OF REFFRFNCF NUMERALS 



5 A - Filter bed zone 
B - Filter bed zone 



) 



in the second filtering stage 



10 



15 



20 



25 



30 



35 



40 



45 



50 



C - Filter bed zone 
D - Fil ter bed zo 



ne ^> 
ne } 



in the first filtering stage 



1.1 - 

1.2 - 

1.3 - 

1.4 - 

2 - 

3 - 

4 - 

5 - 
5. 
5. 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 



filter chamber 
filter chamber 
connecting manifold 
connecting manifold 
filter or 

absorption material 
connecting manifold 



discharge manifold 
gas or air stream 

1 - partial gas stream 

2 - partial gas stream 
guide duct 
upper fill opening 
lower discharge opening 
screen 
screen 
screen 

supply opening 
discharge opening 
intermediate opening 
zone dividing line 
divider baffle 
separate channel 
separate channel 
common chamber 
divider baffle 
divider baffle 
strut 
channel 
channel 
channel 

supply manifold 
discharge manifold 



101 - filter chamber 

102 - filter chamber 

103 - filtering or absorb- 

ing material 

104 - inlet chamber 

105 - gas stream 

105.1 - partial gas stream 

105.2 - partial gas stream 

106 - outlet chamber 

107 - intermediate duct 

108 - intermediate duct 

109 - opening 

110 - screen 

111 - opening 

112 - screen 

113 - opening 

114 - opening 

115 - dividing line 

116 - screen 

117 - screen 

118 - inlet opening 

119 - discharge opening 
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CLAIMS 

1. A method for the purification of air or gas streams by conducting the streams through a 
mutt-zone absorption housing including a bed of particulate absorption material across which the 
gas streams are sequentially conducted and which moves through the housing as a result of 
5 gravity, said method comprising the steps of: 5 
dividing the gas stream after passage through an absorption stage into at least two partial 
streams, supplying said partial streams to different absorption zones of a following absorption 
stage depending on the degree of decontamination experienced by the gas stream in the 
previous absorption stage in which the stream passed through an absorption material of a given 

10 charge in such a manner that a partial stream leaving the previous stage with a relatively low 10 
degree of purity is admitted to a zone in the following stage which contains absorption material 
with a relatively low charge of contaminants and vice versa another partial stream leaving the 
previous stage with a relatively higher degree of purity is admitted to a zone in the following 
stage which contains absorption material with a relatively higher charge of contaminants. 

15 2. A moving-bed filtering apparatus for the purification of air or gas streams, said apparatus 15 
comprising: a housing defining a vertically arranged filter chamber having top and bottom ends 
and receiving fluid particulate absorption material forming a ^moving filter bed, means for supply- 
ing said absorption material into the top end of said filter chamber, means for removing the 
absorption material from the bottom end of said chamber, manifolds connected to the sides of 

20 said housing for supplying air or gas to said chamber and for removing it therefrom, at least one 20 
channel extending between different absorption stages of said housing so as to supply the gas 
stream from a first absorption stage to a second absorption stage disposed, with respect to the 
movement of the absorption material through said absorption chamber, upstream of said first 
absorption stage, and divider means associated with said channel so as to provide a communi- 

25 cation path between the most downstream absorption zone of the first absorption stage to the 25 
most upstream absorption zone of the second absorption stage and between the most upstream 
absorption zone of the first absorprton stage to the most downstream absorption zone of the 
second absorption stage such that the gas achieving the lowest degree of decontamination in 
the first absorption stage is admitted to the absorption zone of the second stage which contains 

30 the absorption material with the lowest charge of contaminants and the gas achieving the 30 
highest degree of decontamination in the first absorption stage is admitted to the absorption 
zone of the second stage which contains the absorption material with the highest second stage 
contamination charge. 

3. A moving-bed filtering apparatus according to claim 2, wherein said divider means com- 

35 prises at least one baffle disposed in said channel and extending over its full length so as to 35 
divide said channel between the two stages into channel sections whose inlet and outlet ends 
are associated with the chamber zones with the differently charged absorption materials. 

4. A moving-bed filtering apparatus according to claim 3, wherein said baffles are movably 
disposed in said channel along the said chamber so as to permit the changing of the sizes of 

40 the zone associated with their inlet and outlet ends. 40 

5. A moving-bed filtering apparatus according to claim 1, wherein at least two of said 
housings are arranged side by side in spaced relationship and the space between said two 
housings is used as a gas or air conducting chamber: 

6. A moving-bed filtering apparatus for the purification of air or gas streams, said apparatus 

45 comprising two housings arranged parallel, each defining a vertically arranged filter chamber 45 
having top and bottom ends and receiving fluid particulate absorption material forming a moving 
i filter bed, means for supplying said absorption material into the top end of each filter chamber, 
means for removing the absorption material from the bottom end of each filter chamber, a 
manifold connected to the side of one of said housings for supplying air or gas to the filter 

50 chamber in said one housing and a manifold connected to the side of the other housing for 50 
removing air or gas therefrom and intermediate guide ducts extending between said two hous- 
ings, the absorption chambers in said housing having at least upper and lower absorption zones 
with the guide ducts extending between the lower absorption zone of said one housing and the 
upper absorption zone of the other housing and between the upper absorption zone of the one 

55 housing and the lower absorption zone of the other housing. 55 

7. A moving-bed filtering apparatus according to claim 6, wherein said ducts extend cross- 
wise between said two adjacent parallel housings so as to place lower absorption zones of each 
of said housings in communication with the upper absorption zones of the other housing. 
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